Abstract. B7-H3, a member of the B7 family of molecules, is expressed in certain types of human cancer and is important in tumor development and progression. Although several studies have reported that the expression of B7-H3 is correlated with poor outcomes in patients with cancer, its exact role in cancer remains unknown. In the present study, the expression levels of B7-H3 in the pathological specimens of 105 patients treated for non-small cell lung cancer (NSCLC) were examined by immunohistochemistry. A high expression level of B7-H3 was observed in 46.9% of the 105 NSCLC tissue specimens. These patients demonstrated a more advanced tumor grade and a shorter survival time. In addition, we also examined the levels of tumor-associated macrophages (TAMs) in NSCLC tissues and observed that the levels were positively correlated with the expression of B7-H3, and that higher levels of macrophages were associated with lower levels of infiltrating T cells and a shorter survival time. These results demonstrated that TAMs are important in the evasion of tumor immune surveillance in NSCLC. Furthermore, through knockdown of B7-H3 by RNA interference, we observed that soluble B7-H3 was capable of inducing macrophages to express higher levels of macrophage mannose receptor (MMR) and lower levels of human leukocyte antigen (HLA)-DR, as well as higher levels of interleukin-10 (IL-10) and lower levels of IL-1β in vitro. These observations are characteristic of an anti-inflammatory/reparatory (alternative/M2) phenotype. Therefore, our data suggests that B7-H3 proteins are involved in the progression of NSCLC by inducing the development of monocytes into anti-inflammatory cells.
Introduction
Primary lung cancer is the leading cause of cancer-related mortality worldwide and has a poor prognosis compared with other types of cancer (1) . Approximately 80% of all lung cancer cases are histologically classified as non-small cell lung cancer (NSCLC) (2) . The overall 5-year survival rate of NSCLC is 10-15% (3), despite the availability of numerous treatment strategies, including conventional surgery, chemotherapy, radiotherapy, immunotherapy or a combination of these therapies (4) . The pathogenesis of NSCLC involves multiple pathways and may result from numerous factors, such as smoking, bacterial infection and environmental contamination. Several studies have demonstrated that the overall survival and recurrence rates of lung cancer are associated with the type of local immune response (5) .
Macrophages are the primary immune cell type that infiltrates solid tumors, contributing ≤50% of the tumor cell mass (6) . Consequently, these tumor-associated macrophages (TAMs) are important in determining the clinical outcome of disease. A number of studies have demonstrated that depending on the type of micro-environmental stimulation, TAMs are capable of exhibiting a pro-inflammatory (classical/M1) or an anti-inflammatory/reparatory (alternative/M2) phenotype (7) (8) (9) . The M1 phenotype is known to suppress tumor growth, while the M2 phenotype promotes tumor growth. M1 macrophages are induced by lipopolysaccharide (LPS)/interferon-γ (IFN-γ) and are able to propagate the T helper 1 (Th1) response of T cells. Therefore, M1 macrophages are considered to be pro-inflammatory, which is reflected by their expression of interleukin-1β (IL-1β), IL-6, IL-8 or tumor necrosis factor-α (TNF-α). M2 macrophages are induced by IL-4 (M2a), immune complexes (M2b) or IL-13/IL-10 (M2c), and are mainly responsible for propagating the Th2 response of T cells. Thus, M2 macrophages are considered as anti-inflammatory, which is reflected by their expression of IL-10, CD36, scavenger receptor-A or the mannose receptor. Macrophages are critical in tumor progression; however, the mechanism by which the M2 phenotype is induced and promotes tumor angiogenesis is unclear.
Clinical significance of the induction of macrophage differentiation by the costimulatory molecule B7-H3 in human non-small cell lung cancer
B7-H3, a member of the B7 family, was cloned from a dendritic cell (DC) cDNA library in 2001 (10) and is expressed at low levels in several normal lymphoid and peripheral tissues (11) . However, several studies have revealed that B7-H3 expression is elevated in numerous types of cancer, including lung cancer (12, 13) , prostate cancer (14, 15) , ovarian carcinoma (16) , colorectal carcinoma (17) , pancreatic cancer (18, 19) and gastric cancer (20) . These studies demonstrated a variety of conflicting functions for B7-H3; however, the majority of clinical data revealed a positive correlation between B7-H3 expression and tumor size, progression and prognosis. We hypothesize that the conflicting findings among different studies may be due to the existence of two isoforms of B7-H3: One of which is 4IgB7-H3, possessing four Ig-like domains in the extracellular domain; and the other of which is 2IgB7-H3, with two Ig-like domains in the extracellular domain due to alternative splicing (21, 22) . However, the expression patterns of each isoform in tumors and the mechanism by which the isoforms of B7-H3 affect cancer progression remain unknown.
In the present study, the pathological specimens of 105 patients treated for NSCLC were evaluated by immunohistochemistry to characterize the expression levels of B7-H3 in human NSCLC tissues. A negative correlation between the expression levels of B7-H3 and the survival time of patients was observed. In addition, we identified an inverse correlation between B7-H3 expression and the levels of tumor-infiltrating macrophages, suggesting that B7-H3 is important in the suppression of tumor immune surveillance. Furthermore, we used in vitro assays to investigate the role of B7-H3 in regulating macrophage differentiation into M2 macrophages and its involvement in tumor progression. Taken together, our study establishes an important role of B7-H3 in cancer progression and suggests that the expression of B7-H3 may be involved in suppressing cancer immune surveillance. RT-PCR. RNA was extracted from the NSCLC cell lines and tissues using TRIzol reagent (Takara Bio, Inc., Shiga, Japan) and converted into cDNA with an oligo(dT) primer using the PrimeScript First Strand cDNA Synthesis kit (Takara Biomedical Technology, Dalian, China). The sequence of the sense primer used in the PCR was 5'-CACTGTGGTTCTGCCTCA-3' and the sequence of the antisense primer was 5'-GCTGTCTTGGAGCCTTCT-3'. Both types of primers were synthesized by Invitrogen Life Technologies (Carlsbad, CA, USA).
Materials and methods

Patients
Western blotting for B7-H3. Western blot analysis was performed using standard protocols. NSCLC cell lines and tissues were acquired and lysed with RIPA lysis buffer (Beyotime, Nantong, China). The lysates were then run in reducing buffer on Tris-glycine 4-20% acrylamide gradient gels (Novex; Invitrogen Life Technologies) and transferred onto an Immobilon-P membrane (Millipore, Billerica, MA, USA). Mouse anti-human B7-H3 antibodies were used at a concentration of 1 µg/ml for 2 h. The membranes were washed three times with wash buffer prior to incubation with goat anti-mouse-HRP conjugate (Molecular Probes, Eugene, OR, USA) at 0.2 µg/ml for 1 h. The membranes were then developed by enhanced chemiluminescence (Amersham Biosciences, Pittsburg, PA, USA).
Immunohistochemistry. Immunohistochemistry was performed using the Maixin-Bio™ method according to the manufacturer's instructions. Briefly, 3-µm-thick consecutive sections were cut by a microtome, dewaxed in xylene and rehydrated through a series of graded ethanol solutions. Antigens were retrieved by heating the tissue sections at 100˚C for 30 min in citrate solution or EDTA solution when required. The sections were cooled down and immersed in 0.3% H 2 O 2 solution for 20 min to block endogenous peroxidase activity, then rinsed in phosphate-buffered saline (PBS) for 5 min, blocked with 5% BSA at room temperature for 20 min, and incubated with primary antibodies against CD3, CD68 or B7-H3 (final concentration in use, 10 µg/ml) at 4˚C overnight. Negative controls were performed by replacing the specific primary antibody with PBS. Following three washes with PBS, the sections were incubated with secondary Table I . Correlation between clinical parameters, B7-H3 expression and T-cell infiltration.
B7-H3 expression
Macrophage infiltration The stage was determined by pathological (p) examination.
T1, tumor ≤3 cm diameter, surrounded by lung or visceral pleura, without invasion and more proximal than the lobar bronchus. T2, tumor >3 cm, however ≤7 cm, or a tumor with any of the following features: Involvement of the main bronchus >2 cm distal to the carina; invasion of the visceral pleura; association with atelectasis or obstructive pneumonitis that extends to the hilar region, however, does not involve the entire lung. T3, tumor >7 cm diameter or with any of the following features: Direct invasion of the chest wall, diaphragm, phrenic nerve, mediastinal pleura, parietal pericardium or main bronchus <2 cm from the carina without involvement of the carina; atelectasis or obstructive pneumonitis of the entire lung or separate tumor nodules in the same lobe. T4, tumor of any size that invades the mediastinum, heart, great vessels, trachea, recurrent laryngeal nerve, esophagus, vertebral body and carina, or with separate tumor nodules in a different ipsilateral lobe. antibodies for 30 min at room temperature. Diaminobenzene was used as the chromogen and hematoxylin was used as the nuclear counterstain. The sections were dehydrated, cleared and mounted.
Evaluation of B7-H3 immunohistochemical staining.
Two independent observers who were blinded to the clinicopathological parameters of the patients examined the immunohistochemically stained sections. The sections were considered as positive when the tumor cells demonstrated cytoplasmic or membranous B7-H3 immunostaining. The B7-H3 immunostaining intensities were scored according to the following scale: Grade 0, negative; grade 1, weak positive; grade 2, moderate positive and grade 3, strong positive. The negative grade represented no tumor cells demonstrating positive immunostaining. For the analysis, the B7-H3 immunostaining intensities were classified as follows: The sections scored as grades 0 and 1 were defined as the low expression group and the sections scored as grades 2 and 3 were defined as the high expression group.
Evaluation of infiltrating T lymphocytes and macrophages in NSCLC tissues.
Tumor infiltrating T lymphocytes and macrophages in the tumor nest were determined according to the immunostaining intensities of CD3 and CD68. Firstly, the infiltrating T lymphocytes and macrophages in the tumor stroma were examined at low magnification (x40) and categorized according to the densities as follows: Grade 0, scanty; grade 1, moderate infiltration; grade 2, abundant infiltration and grade 3, massive infiltration. The group containing grade 0 and 1 densities was defined as the low infiltration group and the group containing grade 2 and 3 densities was defined as the high infiltration group. The results from each of the five areas were averaged and used in the statistical analysis.
Small interfering RNA (siRNA) experiments. Three stealth RNA interference (RNAi) and two control RNAi sequences were obtained from algorithms (Invitrogen Life Technologies) based against the sequence accession no. AJ583695 from GenBank. Stealth RNAi was pooled in equimolar amounts and used at a working concentration of 10 µM in order to knockdown B7-H3 expression. Control RNAi was also pooled in equimolar amounts and used at a working concentration of 10 µM. The SPCA-1 NSCLC cell line was transfected with RNAi using Lipofectamine™ 2000 (Invitrogen Life Technologies) and replated for 48 h prior to use. As an additional control, SPCA-1 cells were mock transfected without the use of RNAi. To evaluate the effect of transfection, real-time PCR was performed to analyze the levels of B7-H3 expression and the primer sequences used were as follows: 5'-GGCTGTCTGTCTGTCTCATTG-3' and 5'-TCCATCATCTTCTTTGCTGTCA-3' (Invitrogen Life Technologies). PBMCs were isolated by Ficoll-Hypaque gradient centrifugation from the peripheral blood of healthy donors (Suzhou Central Blood Bank). The CD14 Positive Selection kit (Stem Cell Therapeutics, Toronto, Ontario, Canada) was used to isolate human monocytes from PBMCs and the purity of the monocytes was >95%, as identified by anti-CD14 staining. Cell suspensions were added to flat-bottom 6-well plates at a density of 10 6 cells/well and the plates were incubated at 37˚C and 5% CO 2 , with SPCA-1 cells (2.5x10 5 ), which had been transfected with B7-H3-specific RNAi. To ensure there was cytokine secretion from tumor cells in the culture, the supernatant collected from the SPCA-1 cells was added and cultured for 7 days. The soluble B7-H3 in the supernatant does not interfere with the experimental results since the level of soluble B7-H3 in the SPCA-1 supernatant is extremely low. After 3 days, the cells were collected and incubated with MMR or HLA-DR for 30 min at 4˚C and washed. At the same time, the supernatants were harvested and frozen at -80˚C until assayed for the secretion of IL-10 and IL-1β (BD Biosciences, Franklin Lakes, NJ, USA).
Statistical analysis. All data are expressed as the mean ± standard deviation. Statistical analysis was performed using the Student's t-test and analysis of variance. Correlations were evaluated by the Pearson's correlation test. P<0.05 was considered to indicate a statistically significant result.
Results
B7-H3 expression in NSCLC tissues and cell lines.
In order to examine the B7-H3 expression levels in NSCLC tissues and cells, RT-PCR and western blotting were performed. We detected two unambiguous bands in the NSCLC tissues and cell lines. One predominant band at ~1500 bp represented the 4IgB7-H3 isoform and a minor band at ~800 bp represented the 2IgB7-H3 isoform (Fig. 1A) . These data supported the results of several other studies conducted in normal tissues and cells (23, 24) . The expression of B7-H3 was regulated 
A B
following RNA transcription (25) and the B7-H3 protein was only expressed in a minority of tissues and cells, including activated lymphocytes and tumor cells. To determine the protein expression levels of B7-H3, western blot analysis was performed and we observed that the two isoforms of B7-H3 were expressed equally in tumor tissues and cell lines (Fig. 1B) . The band at 110 kDa represented the 4IgB7-H3 isoform and the band at ~65 kDa represented the 2IgB7-H3 isoform.
We additionally characterized the expression of B7-H3 in resected specimens from 105 NSCLC patients by immunohistochemistry. Our results demonstrated that the intensity of B7-H3 expression varied and the immunolocalization of the B7-H3 molecule was predominantly in the membrane and cytoplasm of the tumor cells. We observed 58 cases of low B7-H3 expression, including 14 cases of grade 0 ( Fig. 2A) and 44 cases of grade 1 (Fig. 2B) . The other 47 cases were of high B7-H3 expression, including 33 cases of grade 2 ( Fig. 2C ) and 14 cases of grade 3 (Fig. 2D) .
Correlation of B7-H3 expression with the clinical parameters of patients.
We analyzed B7-H3 expression in NSCLC tissues and observed that its expression had a positive correlation with a patient's tumor grade (P=0.048), suggesting that B7-H3 is involved in cancer progression. However, the B7-H3 expression levels did not correlate with other clinicopathological parameters, including gender, age, tumor location, tumor size, nodal metastasis and distant metastasis (Table I) .
We additionally examined whether there was an association between survival time and B7-H3 expression in tumor cells. The cumulative survival time was calculated using the Kaplan-Meier method and analyzed using the log-rank test. This analysis demonstrated that carcinoma patients with high B7-H3 expression exhibited significantly shorter survival times (P=0.0230; Fig. 3A ).
Infiltrating macrophages in NSCLC tissues and their correlation with B7-H3 expression, survival time and infiltrating T lymphocytes.
Following the examination of the immunohistochemically stained sections, a mass of macrophages that had infiltrated NSCLC tissues was detected. To elucidate the underlying mechanisms participating in the effect of TAMs in NSCLC, we performed an immunohistochemical examination to detect the number of infiltrating macrophages labeled with The results demonstrated that a shorter survival time was associated with a higher number of infiltrating macrophages (Fig. 3B) . To assess the signals by which B7-H3 regulates macrophage differentiation, we additionally examined whether there was an association between B7-H3 expression and TAMs. The infiltration of macrophages had a significant correlation with the expression of B7-H3. Tumor cells that expressed higher levels of B7-H3 exhibited higher levels of macrophage infiltration (Table II) . In order to assess whether the effect of TAMs was tumor-suppressive or tumor-facilitative, we examined the number of tumor-infiltrating T lymphocytes and its correlation with the number of TAMs in the specimens of 105 NSCLC patients by CD3 immunostaining. We observed that the level of T-cell infiltration in the tumor nest and stroma was correlated with nodal metastasis (P=0.042; Table I ).
Function of B7-H3 in macrophage differentiation.
To assess the role of B7-H3 in inducing the differentiation of macrophages, RNAi technology was used to knockdown B7-H3 expression in SPCA-1 cell lines prior to coculture with monocytes. Pools of specific or control RNAi were transfected into SPCA-1 cells and screened for effective inhibition of B7-H3. Effective and specific knockdown of B7-H3 persisted for at least 8 days following transfection and the highest rate of transfection was observed at 48 h.
Monocytes isolated from PBMCs were cocultured with SPCA-1 cells that had been transfected with pooled B7-H3 RNAi or pooled control RNAi, or with mock-transfected SPCA-1 (no RNAi) cells. After 3 days of coculture with B7-H3 knockdown SPCA-1 cells, the monocytes were harvested to assay the expression of MMR and HLA-DR. The monocytes cocultured with siB7-H3-treated SPCA-1 cells expressed lower MMR and higher HLA-DR levels compared with those cocultured with control RNAi-treated SPCA-1 cells (Fig. 4B and C) . The production of IL-1β and IL-10 by macrophages was measured by enzyme-linked immunosorbent assay (ELISA). The monocytes cocultured with siB7-H3-treated SPCA-1 cells demonstrated increased levels of IL-1β cytokine production compared with those cocultured with SPCA-1 cells transfected with control RNAi (Fig. 5A) . By contrast, the secretion of IL-10 by monocytes cocultured with siB7-H3-treated SPCA-1 cells was reduced compared with that of monocytes cocultured with SPCA-1 cells transfected with control RNAi FLS (Fig. 5B) .
Discussion
Although B7-H3 is a costimulatory molecule that is expressed in T cells, natural killer cells and antigen-presenting cells (11), Table II . Correlation between the levels of infiltrating macrophages and B7-H3 expression or T lymphocytes in NSCLC tissues. its expression is not limited to immune cells. The B7-H3 protein is also expressed in osteoblasts (26) , fibroblasts, fibroblast-like synoviocytes (24) and epithelial cells (27) . This broad expression pattern most likely suggests that B7-H3 possesses more diverse immunological and nonimmunological functions, particularly in peripheral tissues. B7-H3 has been demonstrated to be highly expressed in a variety of different types of human cancer (28), including prostate cancer (15), gastric cancer (29) , ovarian cancer (16), colorectal cancer (17) and urothelial cell carcinoma (30) . The results of in vitro and in vivo studies strongly suggest a possible involvement of B7-H3 in the T-cell responses involved in the regulation of antitumor immunity (31, 32) , while the majority of other studies have proposed opposite functions for B7-H3. These studies have identified that higher levels of tumor B7-H3 expression were correlated with a more advanced tumor grade, more common lymph node metastasis, advanced pathological stage, shorter survival time and higher incidence of recurrence (33) (34) (35) . In the present study, we demonstrated that B7-H3 was highly expressed in lung cancer cells. Increased B7-H3 expression was detected in 86.6% of the 105 NSCLC specimens examined. B7-H3 expression was significantly correlated with the patients' survival time; higher levels of B7-H3 expression were associated with a shorter survival time. Based on previous studies and the results of the present study, we concluded that B7-H3 expression may play a critical physiological and pathological role in the oncogenesis and development of NSCLC; however, its exact role remains unclear.
Infiltrating macrophages in NSCLC tissues
In the present study, we demonstrated that B7-H3 expression was positively associated with the levels of infiltrating macrophages and the number of macrophages had a negative correlation with the patients' survival time. These data suggest that the macrophages that infiltrate the tumor tissues may be important in promoting tumor progression (7) . TAMs exhibit a continuum of phenotypes ranging from pro-inflammatory (M1-like) to anti-inflammatory (M2-like), and these phenotypes vary in their effects on tumor cells. Furthermore, TAMs are considered as a polarized population of M2 macrophages, particularly when the tumor begins to invade, vascularize and develop (36, 37) . The classification of polarized macrophages, as either the M1 or M2 phenotype, is mainly based on the differential secretion of cytokines. The M1 phenotype secretes IL-12 and TNF-α, and the M2 phenotype secretes IL-10. Our present study demonstrated that the B7-H3 signal pathway significantly increased the levels of IL-10 secretion and MMR expression, consequently switching the macrophage phenotype from M1 to M2.
We have previously demonstrated that the soluble form of B7-H3 is released from monocytes, DCs and activated T cells, and is able to be detected using the ELISA assay established in the Clinical Immunology Laboratory, The First Affiliated Hospital of Suzhou University (38) . In addition, we previously identified that the levels of soluble B7-H3 molecules in serum from patients with NSCLC or colorectal carcinoma were significantly higher compared with those in patients with other pulmonary diseases or healthy volunteers (17, 39) . A high level of circulating B7-H3 in patients was demonstrated to be correlated with node metastasis, distant metastasis and clinical stage. It was suggested that B7-H3 may provide a promising serum biomarker to improve NSCLC diagnosis and prognostic assessment (39) . In the present study, we identified that soluble B7-H3 was only produced from the 2IgB7-H3 isoform, while the 4IgB7-H3 isoform was only expressed in the membrane (22) . Thus, 2IgB7-H3 is highly expressed in tumor tissues as well as in tumor cell lines. However, the underlying mechanism of soluble B7-H3 in serum has yet to be elucidated. We hypothesize that soluble B7-H3 may function as a chemotactic factor, attracting monocytes in the peripheral blood to migrate to tumor tissues, inducing the development of macrophages, thereby promoting tumor oncogenesis and development.
In conclusion, our present study indicated that the costimulatory molecule B7-H3 is important in NSCLC progression. The significantly elevated levels of soluble B7-H3 were stimulated by highly expressed 2IgB7-H3 on tumor cells. The B7-H3 signaling pathway may be involved in switching macrophages to the M2 phenotype and the negative regulation of the T lymphocyte-mediated immune response. Future studies should focus on examining the precise mechanism by which B7-H3 expression is regulated in the tumor environment. Overall knowledge of the clinical implications of this 
